In multicellular organisms H3K27me3 has been shown to be deposited by Polycomb Repressive 29 Complex 2 (PRC2) to establish and maintain gene silencing, critical for cell fate and 30 developmentally regulated processes. PRC2 complex is absent in both yeasts Saccharomyces 31 cerevisiae and Schizosaccharomyces pombe, which initially suggested that PRC2 arose with 32 the emergence of multicellularity. However, its discovery in several unicellular species 33 including microalgae questions its role in unicellular eukaryotes. Here, we show in the model 34 diatom Phaeodactylum tricornutum (Pt), using mutants in the homologue of the catalytic 35 subunit of PRC2, enhancer of zeste E(z), that Pt E(z) is responsible for di and tri-methylation 36 of lysine 27 of histone H3. H3K27me3 depletion abolishes cell morphology in Pt providing 37 evidence for a role of H3K27me3 in cell differentiation in unicellular species. Genome wide 38 profiling of H3K27me3 in fusiform and triradiate cells further revealed genes that may specify 39 cell identity. These results suggest a role for PRC2 and its associated histone mark in cell 40 differentiation in unicellular species and highlights their ancestral function in a broader 41 evolutionary context than is currently appreciated. 42 43 Tri-methylation of lysine 27 of histone H3 (H3K27me3) is a mark deposited by Polycomb 44 Repressive Complex 2 (PRC2), which mediates silencing of gene expression during 45 differentiation and development in both animals and plants 1-3 . PRC2 is comprised of four core 46 proteins, highly conserved among multicellular organisms: the histone methyltransferase 47 (HMTase) enhancer of zeste E(z), the WD40 domain containing polypeptide Extra Sex Comb 48 Esc, the C2H2 type zinc finger protein Suppressor of zeste 12 Su(z)12 and the Nucleosome 49 remodeling factor 55 kDa subunit Nurf-55 4,5 . The absence of PRC2 in the unicellular yeast 50 models Saccharomyces cerevisiae and Schizosaccharomyces pombe initially led to suggestions 51
Introduction identity in multicellular model species 14 . These results prompted us to investigate the putative 76 role of H3K27me3 in cell differentiation in a unicellular model. In silico annotation of 77 polycomb complex members and identification of H3K27me3 by mass spectrometry 15 in a well-78 developed experimental model such as P. tricornutum ( Supplementary Fig. 1a -c) might give 79 new insights for the unsolved questions in the study of PRC2 complex in multicellular species, 80 especially the availability of different morphotypes which is unique to P. tricornutum among 81 stramenopiles, present an opportunity to decipher its role in single celled organisms with respect 82 to its potential contribution to establish morphotype switches as well as its function in an 83 evolutionary context. 84 To gain insights into the function of E(z) and its associated H3K27me3 mark in Pt, we generated Fig. 2a ). knockout of E(z) led to an overall depletion of H3K27me3 shown by western blot 93 using a monoclonal antibody against the mark (Fig. 1d ), suggesting that the loss or diminution 94 of E(z) activity, and hence H3K27me3, causes the observed changes in cell morphology (Fig. 95 1c; Supplementary Fig. 2a ; Table S1 ). Overall, this suggests that E(z) and its associated mark 96 are required for morphotype switch/to establish specific cell identity. 97 Mass spectrometry analysis of histones extracted from both wild type and E(z) knockout 98 confirmed the loss of H3K27me3 and revealed a depletion of di-methylation of H3K27, 99 corroborating the role of E(z) in di and tri-methylation of lysine 27 of histone H3 100 ( Supplementary Fig. 2b,c,d ). This is similar to fungi 16 and mammals 17 but different from A. 101 thaliana where PRC2 loss of function leads to specific depletion of H3K27me3 18 , although in 102 vitro assays with reconstituted A. thaliana PRC2 components showed mono, di and tri-103 methylation of lysine 27 of histone H3 19, 20 . Western blot analysis of E(z) knockout mutants 104 using a monoclonal antibody against H3K27me2 ( Supplementary Fig. 2e ) confirmed the Out of 1,640 H3K27me3 marked genes, 753 could not be assigned to a more specific GO 141 category and are therefore marked as unknown. The genes that are marked in both morphotypes 142 show top enrichment in RNA related biological processes such as RNA-dependent DNA 143 biosynthetic process, RNA phosphodiester bond hydrolysis and RNA-DNA hybrid 144 ribonuclease activity. Genes marked by H3K27me3 specifically in TM displayed top 145 enrichment exclusively in (1) glycoprotein biosynthetic processes involved in the transfer of 146 sugar moieties that might determine different sugar composition of the cell wall which is known 147 to be sugar rich in P. tricornutum 24 , (2) Peptidyl tyrosine dephosphorylation processes with 148 Ankyrin repeats proteins known to act as scaffold for connecting molecular interactions, likely 149 important for development of the numerous signaling pathways associated generally to more 150 complex multicellular organisms 25 ( Fig. 2d ; Supplementary Table S2 ). Genes that are 151 specifically marked in FM cells exhibit enrichment in categories such as peptidyl-tyrosine 152 phosphorylation containing genes with central roles as modulators of cell differentiation and 153 cell fate decisions 26 ( Fig. 2d ; Supplementary Table S2 ). Interestingly, additional genes 154 specifically marked in each FM or TM share categories with predicted functions in positive 155 regulation of (1) GTPase activity with a role in cell morphology changes, and neurite outgrowth 156 and guidance 27 as well as the differentiation of many cell types, including neurons, T 157 lymphocytes and myocytes 28 ; (2) protein ubiquitination shown to play a role in the complex 158 regulation of the levels and function of many proteins and signaling pathways involved in 159 determining cell fate 29 . Overall, the genes that are specifically marked in the TM or FM 160 morphotypes reflect processes related to cell growth, proliferation and differentiation. 161 We have reported previously that H3K27me3 marked genes in FM are characterized by low 162 expression 15 , consistent with the role of H3K27me3 as a repressive mark. Interestingly, when 163 genes are marked by H3K27me3 in both FM and TM, their expression is lower compared to 164 the genes that are uniquely marked in FM and to a lesser extent in TM ( Fig. 3a,b ). This suggests 165 that specifically marked genes are kept under less stringent and tight repression which might be 166 due to their putative role in morphotype switch, which is known to be a dynamic process 10 .
167
Considering the conserved role of H3K27me3 in repression, we tested the effect of E(z) 168 knockout on gene expression. Therefore, RNA sequencing (RNA-seq) of two biological 169 replicates of the E(z) mutant (Del6) was carried out and compared to previously generated Supplementary Table S2 ), indicating an essential role in gene regulation by PRC2 in Pt. 173 We further monitored by RT-qPCR the expression of 27 specifically marked genes in the E(z) 174 knockout of the TM and found that 18 genes out of 27 showed a gain of expression in the mutant 175 compared to the TM background, demonstrating further that depletion of H3K27me3 likely 176 releases the repression of target genes and correlates with the loss of the triradiate morphology 177 ( Fig. 3c) . Although the remaining genes showed no change or even a gain in expression, these 178 genes can be targets of other repressive or active marks as shown previously with co-occurrence 179 of several repressive marks over genic regions 9 . The analysis of the R value 30 which reflects 180 the entropy, and therefore the variability in expression of genes between FM, TM and loci 181 marked in both morphotypes, showed a higher value in specifically marked genes compared to 182 commonly marked ones ( Fig. 3d ). This supports further the finding that specific enrichment in 183 each of the morphotypes are less silenced and potentially more dynamic compared to genes 184 marked by H3K27me3 in both TM and FM cells whereas commonly H3K27me3 marked genes 185 are globally silenced.
186
To substantiate the assumption that phenotypic plasticity and morphotype switch are regulated 187 by PRC2 in P. tricornutum, we took advantage of the lack of stability of the TM phenotype and 188 its tendency to switch to FM. Specifically, we used clonal cell samples with FM and TM 189 morphologies from the same genetic background (TM), which switches habitually to fusiform 190 and therefore contains a mixture of FM and TM cells. We reasoned that the activity of E(z) 191 should correlate with H3K27me3 levels in the following way: (1) a pure triradiate population as in TM-Fusi compared to TM-T1 ( Fig. 4c,d) , which contains only triradiate cells, thus 203 correlating the morphology with the level of enrichment in H3K27me3 over specific genes.
204
In summary, we have demonstrated in this study the role in P. tricornutum of E(z) as a histone 205 methyltransferase responsible for di and tri-methylation of lysine 27 of histone H3. Knockout 206 of E(z) causes H3K27me3 depletion and loss of triradiate cell shape maintenance, providing 207 evidence for the involvement of E(z) and its associated mark in establishing and/or maintaining 208 cell morphology in unicellular species. We showed the dynamic nature of the mark, depending 209 on the specific morphology between and within P. tricornutum accessions that correlate with 210 the level of H3K27me3 enrichment. We showed differential marking in two different 211 accessions of P. tricornutum, FM versus TM, which identified genes related to cell fate 212 decisions compared to commonly marked genes. This is the first evidence of the involvement Pt8Tc (referred as TM) cells were grown as described previously 31 .
224
Isolation and immunoprecipitation of chromatin 225 Chromatin isolation and immunoprecipitation were performed as described previously 32 . The The two PCR products were used as template for a second round fusion PCR reaction as 245 described in 34 . We further transformed the resulting product into E. coli, and extracted the 246 ligated plasmid. The terminator sequence of the P. tricornutum U6 was amplified using the was synthesized with cDNA high yield synthesis kit according to the manufacturer user manual.
277
Quantitative PCR was performed as described previously 31 using the primer list in respectively with included precursor mass list for 600 sec (see Supplementary Table S4 ) H3K27me3 enrichment difference between specifically marked and commonly marked is 516 estimated using two-tailed t-test with P value < 0.0001, denoted by "****". (b) Expression of 517 genes marked specifically in FM (blue), TM (orange), and in both phenotypic backgrounds with 518 same principle aesthetics and categorical genes, used in 2f. The significance/non-significance 519 of the variability of expression between specifically and commonly marked genes is estimated 520 using two-tailed t-test with P value = 0.0433, as denoted by "*". "ns" denote non-significant. Figure 1. Phylogeny (a-c). (d UP  UP  UP  UP  UP  UP  UP  UP  GENE  GENE  GENE  GENE  GENE  GENE  GENE  GENE  GENE  GENE  DOWN  DOWN  DOWN  DOWN  DOWN  DOWN  DOWN  DOWN  DOWN 
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